Mandibular fractures are rare, most commonly occurring in young male patients who present with facial trauma. The etiology, incidence, and presentation vary among previous publications depending on cultural and socioeconomic factors of the region of origin. This multi-institutional study aims to present demographic characteristics, surgical treatment, and clinical outcomes of surgical repair of mandible fractures in the United States. An analysis of the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) adult databases of the years 2006 through 2014 was performed identifying 940 patients with an International Classification of Diseases, version 9 (ICD-9) diagnosis of either closed or open fracture of the mandible. Preoperative, perioperative, and postoperative details were categorized and evaluated for these two cohorts. Multivariate analysis was performed to detect risk factors related to any complications. Patients were predominantly male (85.7%), young with a mean age of 34.0 AE 14.8 years, and relatively healthy with body mass index of 23.6 AE 8.2 and an American Society of Anesthesiologists (ASA) class of 1 or 2 (84.4%). However, more than half were regular smokers (51.1%). The top five most frequent procedures performed for mandibular repair were exclusively open surgical approaches with internal, external, or interdental fixation in both cohorts. Patients with open fractures were more often admitted as emergencies, treated inpatient, required longer operative times, and presented with more contaminated wounds (p < 0.05). Overall, medical (1.7%) and surgical complications (3.7%) were low. A high ASA class 3 or above and emergency operations were identified as risk factors for medical adverse events. Despite frequent concomitant injuries after trauma and a diverse array of mandibular injury types, our patient sample demonstrated favorable outcomes and low complication rates. Open surgical techniques were the most common procedures in this study representing the American population.
Although infrequent in the general population, mandibular fractures are a proportionally common finding in patients suffering from facial trauma. 1 Aside from rare cases of malignancy 2 or osteonecrosis, motor vehicle accidents, violence, and sports account for the majority of cases involving damage to the mandible, its teeth, and the surrounding soft tissue. 3, 4 Younger men are particularly prone to such injuries due to their affinity to high-risk professional and leisure activities, as well as more violent behaviors.
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Mandibular fractures are categorized based on the location of bone disruption. Therefore, possible classifications of fractures include condylar, subcondylar, coronoid process, ramus, angle, body, parasymphysis, or symphysis. Greenstick fractures are a category exclusively found in young children. Further differentiations are made in terms of complexity (simple or comminuted), soft-tissue involvement (open or closed), and teeth dislocation or misalignment. 8 During patient assessment, it is vital to first identify any concomitant, possible life-threatening injuries, 1 the most important being airway obstructions, prior to treatment of the mandible. 9 Next, history, focused physical exam, and imaging studies determine the extent and type of facial injury. Definitive treatment for a mandible fracture includes observation, conservative closed approaches, or various open surgical procedures to achieve a cosmetically and functionally satisfactory result. While previous publications reported on the therapy of mandibular fractures, many studies solely provide treatment algorithms from authors' personal experiences, 5,10-12 evaluate small patient samples, 13, 14 or confine themselves to specific populations. 1, 15 With this in mind, we utilized the nationwide multi-institutional American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) adult database to design a retrospective study exploring the surgical treatment of mandible fractures across the United States. The purpose of this study was to determine which procedures are commonly performed for the treatment of mandibular fractures, analyze the surgical outcomes and complications of these operations, and detect risk factors for adverse events.
Methods
The ACS NSQIP databases of the years 2006 through 2014 are the source of the data presented in this report. 16 This national multicentric program included more than 750,000 surgical cases for 2014 alone, is steadily growing in participating institutions and case numbers, and thus ideally suited to conduct high-quality evidence-based research. Anonymized patient information is continuously uploaded to the ACS and includes variables, such as preoperative comorbidities, perioperative details, and postoperative follow-up. Based on the International Classification of Diseases, version 9 (ICD-9), 17 we performed a retrospective analysis of the NSQIP and created two cohorts screening for codes 802. In addition to readmission, reoperation, and mortality, primary outcomes of interest were separated into two global categories: medical and surgical complications. Adverse events are documented and reported only to NSQIP if they occurred within the standard 30 days after surgery. Pulmonary complications included reintubation, failure to postoperatively wean off the ventilator within 48 hours, and pneumonia. Cardiac events consisted of cardiac arrest requiring cardiopulmonary resuscitation (CPR) and myocardial infarction. Urinary tract infections, renal failure, and renal insufficiency were cases of renal complications. Hematologic complications included deep vein thrombosis (DVT) and pulmonary embolism (PE), while infectious events were defined as sepsis or septic shock. Surgical complications consisted of surgical site infection (superficial, deep incisional, organ space), wound dehiscence, and bleeding requiring transfusion. This study was approved by our institutional review board. The authors adhered to the Declaration of Helsinki at all times.
Statistics
Descriptive statistics were calculated and analyzed for all patients meeting the aforementioned inclusion criteria. Univariate analysis compared the two cohorts for preoperative risk factors, patient comorbidities, procedures, and their final outcomes. Statistical level of significance was set at 5% (p < 0.05) for all analyses using the unpaired sample ttest for continuous and the chi-square test for categorical variables. Factors with p-values less than 0.10, in addition to clinically pertinent factors, were gathered for a multivariate logistical regression analysis to control for confounders and to quantify the influence of various factors on complication rates. Statistics were conducted using SPSS version 24.0 (IBM Corp., Armonk, NY).
Results
A total of 750 patients with closed fracture and 190 with open fracture of the mandible were identified in our study leading to a total of 940 cases. The mean age was 34.0 AE 14.8 years and 85.7% of the patients were male (►Fig. 1). Preoperatively, 51.1% of the included patients were regular smokers, while 5.4% reported regular consumption of alcohol. Mean body mass index (BMI) was 23.6 AE 8.2. With regard to medical comorbidities, hypertension and diabetes were the most common diseases: 11.6 and 3.4%, respectively. None of the demographic variables reached significance between our two cohorts, except for smoking that was statistically more prevalent (p ¼ 0.023) with patients who suffered a closed fracture (►Table 1). , open: 0.5%) were at similarly low levels. Only one fatality (0.1%) occurred in this study in a patient with a closed fracture of the mandible. There were no significant differences between the groups in terms of adverse outcomes (►Table 3).
The subsequent multivariate regression analysis revealed only a statistical association between a high ASA class 3þ (odds ratio [OR] ¼ 7.74, p ¼ 0.003), as well as emergency operations (OR ¼ 3.62, p ¼ 0.032), and the risk of suffering from medical complications following surgical mandible fracture repair (OR ¼ 7.74, p ¼ 0.003). Age, type of fracture, operative time, and smoking were not related to medical adverse events (►Table 4). Despite a larger number of surgical complications in both our cohorts (n ¼ 35), no factors were identified that could be associated with more prevalent surgical complications (►Table 5). 
Discussion Which Patients Present with Mandibular Fractures?
Owing to its prominence 11 and lack of soft-tissue protection, the mandible is the most frequently broken bone in patients admitted for facial fractures. 1, 7, 19 Incidence rises in children resulting in a peak incidence in the 16-to 20-year age bracket. 20 Furthermore, adolescents and men make up the vast majority (75-90%) of patients with such injuries, 9, 21, 22 which is typically explained by their more risky behavior.
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Unlike children, who are more likely to suffer mandibular fractures due to falls, adults are more likely to sustain these injuries from motor vehicle accidents or assaults. frequently presented with a contaminated wound class 3 or higher (p < 0.001) and subsequently required more urgent operative interventions and received closer postoperative monitoring. The latter likely results from damage to the mandibular soft-tissue envelope and requirement for washouts, debridements, or facial reconstruction procedures that are represented by secondary CPT codes not included in our analyses. Despite these discrepancies, primary procedure types in the closed and open fracture cohorts and the mean length of hospitalization were similar. A large multicenter European study on mandibular fractures showed higher hospitalization times (2.0-10.6 days), although these variations can be due to differences in health care systems. 25 The NSQIP data suggested that otolaryngology appeared as the service predominantly providing operative treatment of the jaw in both our groups. This finding may be partly explained by the fewer number of plastic surgeons (6,942) as compared to otolaryngologists (9,320) board certified in the United States as of 2013. 18 Due to the lack of oromaxillofacial surgery (OMFS) data in the ACS NSQIP databases, their global role in and influence on the treatment of jaw fractures cannot be assessed in this study. According to a study analyzing emergency treatment at a single institution, OMFS was preferred for referrals of mandibular fractures; 26 yet, these trends may vary between different regions and institutions in the United States.
Choice of Operative Technique
Multiple publications from diverse specialties have described closed conservative treatment for simple and closed mandibular mandibular fractures. This may include closed reduction in combination with either interdental wiring 11 or maxillomandibular fixation 12 if patients present with stable teeth. Closed procedures have been described in publications of OMFS institutions for the treatment of isolated mandibular fractures. 7,9 Interestingly, no conservative closed management for mandibular fracture made it to the list of five most prevalent procedures based on the data provided by the NSQIP. Similar to a European multicenter study, 22 the open approach was the predominant (> 87%)
procedure for both open and closed fractures. This involves direct visualization and the reduction of the mandibular fragments combined with interdental fixation, and internal fixation with screws and plates (rigid) 14 or transosseous wires (nonrigid) 21 and is typically described for any more complex mandibular fractures. In our study, 70.9% of all fractures were treated by open technique with some form of internal and/or interdental fixation, which is typically necessary for any osseous or joint instability. In only 11.2% of cases, such fixation was not included in the open operative procedure suggesting a rather stable fracture. In addition, these data suggest that the choice for an open procedure was not based on the patient's dental health alone. External fixation, which was used in 2.9% of cases, is reserved for the most complicated fractures with large soft-tissue defects or when immediate jaw bone repair is not possible. 13 These surgical details and the distribution of procedures in this study indicate that our patient sample was in fact suffering from more complex fracture patterns, given that conservative treatment was so infrequently applied (►Table 2). Ultimately, however, the management of the fracture is tailored for the individual based on fracture pattern and concomitant injuries and varies between distinct patients.
Complications from Mandibular Fractures
Complications of trauma leading to fracture of the mandible can be related to either concomitantly sustained injuries of other body parts or directly to the jawbone injury. The latter includes infection and bone nonunion, 13 21 Due to the anonymity of the databases, the cause of death of the one deceased patient (0.1% fatality) cannot be determined. Based on the findings of previous publications, it was likely due to a concomitant injury of vital organs and not related to the mandibular repair.
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This report is not without certain limitations. The NSQIP databases are tended to by the institutions and their staff who upload patient data that are dependent on accurate documentation. The 940 surgical cases included in our study came from a variety of institutions, which are de-identified by design. The results in this report may therefore not be representative for every clinical setting. Furthermore, surgical treatment performed by OMFS, a historically dental specialty, is not included in the ACS NSQIP databases and this might distort results. Finally, patients are monitored only for 30 days after surgery by NSQIP standards. Any complication, readmission, and reoperation afterward would be missed and reported as an entirely new case. This study is, therefore, not able to evaluate the long-term functional and cosmetic outcomes of mandible repair and potential facial reconstruction.
Conclusion
Mandibular fractures remain a rare entity within the average population and are almost exclusively a consequence of external trauma to the face. In our NSQIP databank review, the 30-day outcomes were very favorable: complication rates were 1.7% for medical and 3.7% for surgical events. High ASA class and emergency operations were identified as risk factors associated with nonsurgical complications. The open reduction and internal fixation are the most common approaches in surgical management, regardless of open or closed fracture. This report presents the first study with multi-institutional patient data representative for adult patients in the United States.
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